). Lava flow collapses can produce volcanic "mixed" avalanches of broken rock and ice, which scour the glacier and can form floods and/or debris flows [Pierson and danda, 1994 ].
Lava Flow Structure and Morphology
Lava flow features formed during historical eruptions of glaciated volcanoes are difficult to study due to their rapid burial by ice. Therefore studies of lava flow structure and morphology were conducted in the North American Cascades Range and at Mount Redoubt, Alaska, where glacial retreat has exposed lava flows that have interacted with ice. Mathews [1951] first proposed that glassy lava margins with subhorizontal polygonal joints or "columns" indicate lava quenching against glacial ice. We have used these basic criteria and knowledge of previous glacial distributions to identify a wide variety of lava structures that can be attributed to lava-ice interaction.
Glassy Margins and Fracture Types
Lava flows that have cooled next to ice typically have a glassy outer shell around a crystalline flow interior (Figure 2 ) [Lescinsky and Sisson, 1998 ]. Fracture morphologies found within the glassy outer zone are classified in this paper using the following terms: polygonal, sheet-like, pseudopillow, hackly, and shard-forming (Table I and Figures 3 and 4) . The fracture morphology groups are somewhat gradational and increase in complexity. As the spacing between fractures becomes smaller, the fractures become less planar and the propagation directions become more variable. These smallscale fracture features, together with larger-scale landform morphology, may be used to identify lava-ice interaction; thus we describe each in detail below. Fracture spacing is controlled largely by the fracture depth (striation width) [ [Walker, 1992] .
Polygonal fractures (columnar joints) intersect to form polygons (Figure 3a
gradients, wider striations, and more widely spaced fractures (Figures 4a and 4b) . Lava composition also plays an important role. Higher thermal diffusivities for silicic magmas (relative to mafic magmas) enable more rapid cooling and result in a compositional variation between cooling rate and cooling mechanism (Figure 8 ) [Gregg and Fink, 1996] Cooling rates for different fracture types could also be constrained using the relationship between cooling rate and lava flow surface morphology (Figure 8 Landforms produced by lava-ice interaction at stratovolcanoes can be divided into three groups: (group 1) glassy margins with polygonal fractures; (group 2) glassy margins and continuous fractures; and (group 3) glassy margins with pseudopillow fractures. These landform groups correspond to different eruption environments; group 1 !andforms develop during interaction with thin glaciers.
The presence of the different fracture types can be used to locate and infer the former presence of ice and trapped meltwater at the time of eruption. By combining large-and small-scale field evidence with historical observations of glacial modification, it is possible to reconstruct past environmental conditions and describe various aspects of the eruption.
Insight gained by reconstructing past conditions allows us to anticipate the hazard implications of future lava flow eruptions at glaciated volcanoes. Historic observations indicate that primary concerns are the rate of ice melt and the ponding and sudden release of meltwater. By considering glacial thickness and subglacial topography we can identify where glacial undercutting and subglacial lava flow are most likely, both of which can generate increased volumes of meltwater. We can also identify where meltwater entrapment is most likely, within subglacial tunnels, beneath undercut ice cliffs, and at the confluence of glaciers. By estimating the ice available for melting and monitoring lava effusion and advance, we can make predictions regarding increased runoff and possible floods and debris flows. Sudden collapse of the lava flow front, commonly associated with increases in effusion rate, can produce mixed avalanches and large debris flows, and relevant precautions should be taken.
